Abstract: During 2002-2005 we analyzed Lack's Hypothesis about the timing of the breeding of marsh harriers (Circus aeruginosus) in the Poodří Protected Landscape Area (Czech Republic). We monitored the initiation of egg laying in relation to the breeding period and preference of heterogeneous habitat. An analysis of 43 nests revealed quantitative differences. Birds which started breeding earlier, reached significantly higher reproductive success than later breeding birds regardless of nesting habitat (P = 0.003, nnests = 43). Even when the birds invested into their offspring the same way, their breeding success was not always the same. When the females nested in the common reed (Phragmites communis), they reached higher reproductive output than females nesting in cattail (Typha sp.) (P = 0.01, n cattail = 18, n common reed = 25). The habitat of the common reed is characterized by higher and denser vegetation cover than cattail vegetation (P < 0.001, nmeasurements = 174 for both variables).
Introduction
The timing of breeding is one of the important factors which can influence reproduction success in many birds (Newton 1979; Wiggins at al. 1998 ). Life-history hypothesis concerning the timing of breeding presumes that in order to maximize annual reproductive output, birds have to begin breeding as early in the season as possible and this way allow for more time for offspring production (Lack 1968; Perrins 1965) . Many authors particularly analyzed relationship among egg laying, weather conditions (Hussell 2003) , and food availability (Dijkstra & Zijlstra 1997 ) that stimulate timing of breeding in the most appropriate period (Newton 1979) . As in many other bird species, early breeding pairs of marsh harriers (Circus aeruginosus L., 1758) are associated with larger clutches and broods than late breeders (Perrins 1965; Altenburg et al. 1987; Redpath et al. 1998) .
Late-nesting pairs are less likely to produce young and these young are less likely to survive because of predation and deterioration of prey availability as the season progresses (Brinkhof et al. 2002) . The parental quality hypothesis suggests that reproductive success declines because birds that lay late in the season tend to be younger, less experienced or lower quality than those that lay early (Arnold 2004) . Moreover, early breeders have higher fitness than late breeders (Arroyo et al. 2001) . Some recent studies of variability in timing of breeding among mating individuals revealed other factors that are connected with geographical rate and that can initialize breeding (Redpath et al. 2002) . Such environmental factors include territory quality (Krüger 2002 (Krüger , 2004 , habitat structure (Moore 1980; Němečková 2005) , or parental fitness and phenotypic quality of mating individuals (Simmons 1989; Verboven et al. 2001; Childress & Bennun 2002; Krüger 2002) .
The marsh harrier is a ground nesting migrant species, which prefers semi-open habitats with extensive reedbeds, but also arable fields (e.g., Cramp & Simmons 1980; Del Hoyo et al. 1994; Hudec et al. 2005) . Several recent studies have described a few cases of successful nesting in quite dissimilar habitats, in trees or bushes (Kunstmüller & Hlaváč 1988; Koks 1994; Ruxová 1998 ) although in general harriers nests "exclusively" on the ground (Del Hoyo et al. 1994; Forsman 1999) . The life history of the species in more stable marshlands was studied in Western (Schipper 1979; Underhill-Day 1984; Dijkstra & Zijlstra 1997; Bavoux et al. 1998) and Central Europe (Witkowski 1989; Báldi & Kisbenedek 1998 ), but only a few studies assessed the importance of timing of breeding and reproductive output in relationship with preference of heterogeneous habitat (Millon et al. 2002; Němečková 2005) . The leaves and stems of reedbed plants provide substratum for nest placement (Witkowski 1989; Fernández 1992 ).
Methods
During each breeding season (April -July), nests were located by observing courtship behaviour and a total of 61 nests were found: 17 in 2002, 14 in 2003, 15 in 2004, and 15 in 2005 . Positions of all nests were plotted using the GPS system (Garmin International, Inc. Kansas, U.S.A) and analyzed in GIS (ESRI 1996) with ArcView 3.3 program. Nest data, where the fate of the nest was unknown (Weidinger 2003) , nests in untypical biotopes, and re-nesting data were excluded from the analysis. Nests were visited frequently to determine reproductive parameters, including laying date, clutch size, fledging success (number of chicks fledged/number of chicks hatched) and reproductive output (number of fledged chicks/number of eggs). Fledged chicks were defined as young at the age of 30 days and more, ready to leave the nest. We determined the laying date of the first egg via backdating from the hatching date. For the calculation we assumed 33 days of incubation based on own data and those reported by various authors (Glutz von Blotzheim et al. 1971; Bock 1978; Schipper 1979; Witkowski 1989) . Successful nests were those where at least one young left the nest.
Vegetation cover around each nest was measured from the base of the vegetation to its highest point within a onemeter quadrant using a 5 m rule. The growth of vegetation was observed four times: in the pre-breeding season (late March), in the egg laying and incubation periods (AprilMay), in the period of young being hatched and fledged (June -July) and in the peak of the vegetation productivity (July).
Generalized linear model (GLM) was used to describe the relationships between reproductive output, day of laying, and habitat (43 observations, binomial distribution, logit link function). Reproductive output was weighted by number of eggs in the model.
To evaluate the effect of timing of breeding on the reproductive output in various environments we used linear regression with nonparametric tests. The criterion for statistical significance was α = 0.05. Means are reported as ± SD. All analyses were conducted using R Development Core Team (2005) . 28 April ± 9.43, n = 43 (i.e., 118 Julian date). The pairs that started their breeding earlier, e.g., </= 117 Julian date, were more successful than the ones that started breeding later, e.g., >/=118 Julian date (W = 339.5, P = 0.008, n early = 22, n late = 21. As shown by the GLM model (Fig. 1) , there is a relationship between the laying date and the reproductive output. Highly significant is not only the effect of the biotope, but also the date of the initiation of egg laying (n = 43, habitat: F = 18.73, P = 1.5 × 10 −05 , laying date: F = 8.96, P = 0.003). Early breeding females were more successful than the late breeding ones. But the relationship between the initiation of egg laying and the nesting biotope is not significant (F = 0.02, P = 0.89).
Results

During
Females started egg laying regardless of their nesting habitat preference (W = 266, P = 0.318, n cattail = 18, n common reed = 25), but some of their reproduction parameters showed significant differences depending on their choice of nesting biotope.
While the clutch size in successful and all nests did not differ, the number of fledglings in all nests and reproductive output was apparently higher in the nests situated in common reed stands (Table 1 ). Significant Explanations: The difference was not only in the average height of reed (270 ± 60.42 cm) and cattail (173 ± 63.62 cm) (F = 15.87, P < 0.001), but also in the average density of reed stalks 81 ± 37.60 (n stalks /m 2 ) and cattail stalks 63 ± 37.60 (F = 22.89, P < 0.001). The changes of height (F = 0.34, P = 0.56) and density (F = 0.07, P = 0.79) of both types of vegetation between early and late periods were not significant. Notes: 1 breeding on </= 117 Julian date; 2 breeding on >/=118 Julian date.
differences in reproduction parameters were linked to the difference in height and density in reed and cattail vegetation, characteristics that did not change during the breeding period (early versus late period) ( Table 2) . Different vegetation characteristics may have been the reason of lower reproduction output in cattail vegetation (Fig. 2) . In general most failures occurred during the incubation phase, they reached 14-42% (n eggs = 210), while chick failures fluctuated between 2.8-16.7% (n chicks = 108). The main causes of breeding failure were weather (13.9%), predation by mammals and birds (9.3%), female death (2.3%) and unknown factors (9.3%).
Discussion
Seasonal decline in reproductive output is a common life-history trait among bird species with well-defined breeding seasons (Arnold 2004) . As shown by this study, early breeding marsh harriers are rewarded by a higher success of fledglings, which matches previous results of studies on other harrier species and many other bird of prey species (Daan et al. 1990; Ludwigs & Becker 2002; Millon et al. 2002) . Apart from that, the higher reproductive success in the earlier breeding period may be caused by higher individual quality (Altenburg et al. 1987; Dijkstra & Ziljstra 1997; Wiggins et al. 1998; Verboven et al. 2001) as older and experienced birds start nesting earlier (Altenburg et al. 1987; Bavoux et al. 1998) , overriding the fact that egg losses in this period may necessitate a second clutch (Fiala 2001; Verboven et al. 2001; Arnold 2004) . The timing of breeding can be influenced by environmental factors, particularly by nesting habitat preferences (Martin 1998 2005). Habitat structure (i.e., the height and density of vegetation), a component of the environmental conditions, play an important role in the processes of individual decisions and behavior of birds (Martin & Roper 1988) . Our results suggested that from the very beginning of the breeding season the reed vegetation was of better quality, as it was higher and denser than cattail vegetation, which positively influenced the breeding of marsh harriers, leading to a greater number of fledglings. Some authors (Moore 1980; Hussell 2003; Němečková 2005) reviewed the evidence of a relation-ship between the timing of egg laying and vegetation phenology. A denser vegetation cover effectively lowers the possibility of visual detection of a nest (Martin & Roper 1988; Witkowski 1989; Báldi & Kisbenedek 1998; Batáry et al. 2004 ) and protects the brood and even the parents against predation (Simmons 1989; García & Arroyo 2002) and inclement weather (Franklin et al. 2000; Stenseth & Mysterud 2002) . Marsh harriers as top-ofthe-chain predators, are victims of little predation (Mc Donald et al. 2004 ). Offspring loss is caused mainly by adverse weather, which is the single most important offspring mortality factor in this group of birds (Kostrzewa & Kostrzewa 1991; Steenhof & Kochert 1999; Krüger 2004; Mc Donald et al. 2004) . Although pairs in the study invested the same effort into offspring production, regardless of the nesting biotope, they did not always reach the same nesting success. As a result of the hot and dry weather in the breeding season of 2003 the overall low reproductive success decreased even further due to the increased mortality of the young in the cattail stands (Němečková 2005) , a markedly different situation than in the other years, where the decrease in reproductive success accrued mainly from clutch losses.
